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OBJECf IVE — Age at menopause is an important determinant of future health outcomes, but 
little is known about its relationship with type 2 diabetes. We examined the associations of 
menopausal age and reproductive life span (menopausal age minus menarcheal age) with di- 
abetes risk. 

RESEARCH DESIGN AND METHODS— Data were obtained from the InterAct study, a 
prospective case-cohort study nested within the European Prospective Investigation into Cancer 
and Nutrition. A total of 3,691 postmenopausal type 2 diabetic case subjects and 4,408 subco- 
hort members were included in the analysis, with a median follow-up of 11 years. Prentice 
weighted Cox proportional hazards models were adjusted for age, known risk factors for di- 
abetes, and reproductive factors, and effect modification by BMI, waist circumference, and 
smoking was studied. 

RESULTS — Mean (SD) age of the subcohort was 59.2 (5.8) years. After multivariable adjustment, 
hazard ratios (HRs) of type 2 diabetes were 1.32 (95% CI 1.04-1.69), 1.09 (0.90-1.31), 0.97 (0.86- 
1.10), and 0.85 (0.70-1.03) for women with menopause at ages <40, 40-44, 45-49, and >55 
years, respectively, relative to those with menopause at age 50-54 years. The HR per SD younger age 
at menopause was 1.08(1.02-1.14). Similarly, a shorter reproductive life span was associated with a 
higher diabetes risk (HR per SD lower reproductive life span 1.06 [1.01-1.12]). No effect modifi- 
cation by BMI, waist circumference, or smoking was observed (P interaction all > 0.05). 

CONCLUSIONS — Early menopause is associated with a greater risk of type 2 diabetes. 

Diabetes Care 36:1012-1019, 2013 



Menopause is an important transi- 
tion in women's reproductive life, 
as it signals the end of fertility. 
Timing of menopause is also an important 
determinant of future disease risk. For 
example, an early age at menopause is 
associated with an increased risk of car- 
diovascular disease (CVD) (1) and bone 
fractures (2,3). Conversely, an early men- 
opause protects against breast (4,5), en- 
dometrial (6), and ovarian cancer (7). 
Changes associated with the menopause 
transition, in particular loss of ovarian 
function and subsequent decline in en- 
dogenous estrogens, have been postu- 
lated as mediators of these differences in 
risk (8,9). 

While the relationship between meno- 
pausal age and CVD risk is well established, 
its association with type 2 diabetes, one of 
the major risk factors for CVD, remains un- 
clear. Oophorectomized women seem to 
have less favorable glucose and insulin lev- 
els (10,11), which is suggestive of a link 
between premature menopause and diabe- 
tes risk. However, the few epidemiological 
studies that have investigated the relation- 
ship between menopausal age and diabetes 
yielded conflicting results with either an in- 
verse (12) or no (13,14) association. Thus 
far, no prospective studies have been per- 
formed, and no studies have examined the 
relationship with reproductive life span 
(defined as menopausal age minus menar- 
cheal age), which is a marker of total dura- 
tion of endogenous estrogen exposure. 

fn the current study, we investigated 
the associations of menopausal age and 
reproductive life span with incident type 2 
diabetes in InterAct. This large prospective 
case-cohort study with contributions of 
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eight European countries is part of the 
European Prospective Investigation into Can- 
cer and Nutrition (EPIC) and provides a 
unique opportunity to study these asso- 
ciations. 

RESEARCH DESIGN AND 
METHODS— The InterAct study is a 
case-cohort study nested within EPIC. The 
participants, methods, study design, and 
measurements have previously been de- 
scribed (15). Briefly, the InterAct consor- 
tium was initiated to investigate how 
genetic and lifestyle factors interact in their 
influence on the risk of type 2 diabetes. 
A case-cohort study was established based 
on incident type 2 diabetes cases occurring 
between 1991 and 2007 in 26 centers from 
8 of 10 EPIC countries (Italy, Spain, U.K., 
the Netherlands, France, Germany, Sweden, 
and Denmark) participating in InterAct. All 
participants gave written informed consent, 
and the study was approved by the local 
ethics committee in the participating coun- 
tries and the internal review board of the In- 
ternational Agency for Research on Cancer. 

Case ascertainment and verification 

Ascertainment and verification of incident 
diabetes have previously been described in 
detail (15). New cases occurring up until 3 1 
December 2007 were ascertained by multi- 
ple data sources including self-report, link- 
age to primary or secondary care registers, 
linkage to pharmacy databases, medication 
use, hospital admissions, and mortality 
data. Verification of incident diabetes was 
undertaken for participants with fewer than 
two independent sources of information by 
individual medical record checking or con- 
firmation from another independent source 
of information. 

Follow-up was censored at the date of 
diagnosis, 31 December 2007, or the date 



of death — whichever occurred first. In to- 
tal, 12,403 verified incident cases were 
identified. 

Subcohort 

A subcohort of 16,835 individuals was 
randomly selected from those with avail- 
able stored blood samples stratified by 
center. We oversampled the number of 
individuals in the subcohort for the pro- 
portion of prevalent diabetes cases in each 
center to account for later exclusion of 
individuals with prevalent diabetes from 
InterAct analyses. After exclusion of 548 
individuals with prevalent diabetes and 
133 individuals with unknown diabetes 
status, 16,154 subcohort individuals re- 
mained, of whom 778 had developed type 
2 diabetes during follow-up. 

Study population 

The present analysis was restricted to post- 
menopausal women (Supplementary Fig. 
1). Women were considered postmeno- 
pausal when they reported not having 
had any menses over the past 12 months 
or when they reported bilateral oophorec- 
tomy. Women with missing or incomplete 
questionnaire data or with reported previ- 
ous hysterectomy were considered post- 
menopausal only if they were older than 
55 years. Age at menopause was defined 
as the self- reported age at the last menstrual 
period. Among the postmenopausal 
women (N = 9,054), we excluded those 
who had not reported their age at last men- 
ses (N = 1 ,190) , leaving 3 ,69 1 incident type 
2 diabetes cases and a subcohort of 4,408 
postmenopausal women (including 235 in- 
cident diabetes cases) for the analyses. 

Reproductive factors 

At the baseline visit between 1991 and 
2000, information on reproductive factors 



was collected using self-administered ques- 
tionnaires. In all centers, participants were 
asked to report their age at first and last 
menstrual period, current and past use of 
oral contraceptives, and hormone replace- 
ment therapy (HRT) and whether they had 
undergone a hysterectomy and/or oopho- 
rectomy. Except for the Bilthoven cohort 
(the Netherlands), all centers provided in- 
formation on the number of full-term 
pregnancies (the sum of live births and 
stillbirths). In the Bilthoven cohort, the 
number of children was used as a proxy for 
the number of full-term pregnancies. 

Age at menarche was defined as the 
age at the first menstrual period and was 
missing for 96 women. Reproductive life 
span was calculated by subtracting the age 
at menarche from the age at menopause. 

Measurement of other baseline 
characteristics 

Baseline questionnaires included questions 
on education level, smoking status, alcohol 
consumption, and physical activity. Pres- 
ence of hypertension and hyperlipidemia at 
baseline was based on self-reported diag- 
nosis and/or use of medication. Informa- 
tion on hyperlipidemia was not collected 
in the Swedish cohorts. In most centers, 
trained health professionals measured 
weight, height, and waist circumference 
during a visit to the study center. In part 
of the French cohort and Oxford cohort 
(U.K.), height, weight, and waist circum- 
ference were self-reported, and in Umea 
(Sweden) only weight and height was 
measured. BMI was calculated as weight 
divided by the square of height in meters. 

Data analysis 

Twenty percent of the women (N = 1,576) 
had missing values on one or more cova- 
riates. Because the missing values were 
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likely to be missing at random and for 
avoidance of loss in efficiency, missing 
values for BMI, smoking status, alcohol 
consumption, physical activity, educa- 
tion level, number of full-term pregnan- 
cies, ever oral contraceptive and HRT use, 
and hysterectomy/oophorectomy status 
were imputed within countries using a 
multiple imputation technique (10 impu- 
tation sets) (16). 

We used Cox proportional hazards 
models adapted to the case-cohort design 
(Prentice weighted method [17]) to esti- 
mate hazard ratios (HRs) and 95% CIs of 
type 2 diabetes for menopausal age and 
reproductive life span. In all analyses, age 
was used as the underlying time variable 
(with entry and exit time defined as the 
participant's age at recruitment and age at 
type 2 diabetes diagnosis, death, loss-to 
follow-up, or censoring at the end of the 
follow-up), and all models were stratified 
by center to account for study center ef- 
fects such as follow-up procedures and 
covariate measurement. 

In the analyses, age at menopause was 
entered as a categorical variable (<40, 
40-44, 45-49, 50-54, and >55 years) 
with menopausal age between 50 and 54 
years taken as a reference. Reproductive 
life span was divided into quartiles based 
on its distribution in the subcohort, and 
HRs were calculated using the highest 
quartile as a reference. We also modeled 
menopausal age and reproductive life 
span as continuous variables to investi- 
gate the linear association with type 2 di- 
abetes risk. For this purpose, we 
estimated HRs of type 2 diabetes per SD 
younger age at menopause and per SD 
lower reproductive life span. 

Analyses were adjusted for potential 
confounders in three consecutive models. 
The first model was adjusted for age. Next, 
we added known diabetes risk factors to 
the model, including BMI (continuous), 
smoking status (current, former, and 
never), alcohol consumption (^10, 11- 
24, and &25 g/day), education level 
(none, primary school completed, techni- 
cal or professional school, secondary 
school, and longer education) , and physical 
activity (inactive, moderately inactive, 
moderately active, and active). In the final 
multivariable model, we further adjusted 
the analyses for reproductive factors in- 
cluding number of full-term pregnancies 
(continuous) and ever oral contraceptive 
and HRT use (yes versus no). 

We also performed a series of sensi- 
tivity analyses. To investigate whether 
associations were independent of other 



risk factors, we additionally adjusted the 
multivariable model for J) waist circum- 
ference (continuous), 2) hypertension 
(yes versus no), and 3) hyperlipidemia 
(yes versus no). Participants from, respec- 
tively, Umea and Sweden (Umea and 
Malmo) were excluded from these anal- 
yses because of missing values for these 
variables. Next, we excluded women who 
ever used HRT, as age at menopause may 
be difficult to determine under hormone 
use. Finally, we restricted the analysis to 
women who had not undergone a hyster- 
ectomy and/or oophorectomy in the past. 
In this sensitivity analysis, we were able to 
examine the potential influence of these 
surgical procedures as well as the effect 
of a reduction of circulating androgens 
that occurs with hysterectomy and oo- 
phorectomy. 

Previously, it has been suggested that 
the association with menopausal age may 
vary depending on smoking (18) and obe- 
sity status (4,19). Therefore, we stratified 
the analyses according to BMI (<25, 25- 
29, and &30 kg/m 2 ), waist circumference 
(<88 and &88 cm), and smoking status 
(current, former, never) and tested for 
effect modification by including contin- 
uous interaction terms in the multivariable- 
adjusted model. 

To verify whether pooling of the data 
was justified, we calculated country-specific 
HRs using random-effects meta-analysis 
(20) and assessed the amount of heteroge- 
neity (I 2 ) between countries. For these anal- 
yses, we used the HRs of type 2 diabetes per 
SD younger age at menopause and per 
SD lower reproductive life span, using the 
multivariable-adjusted model including 
center, age, diabetes risk factors, and repro- 
ductive factors. All statistical analyses were 
performed using STATA, version 11.0 
(Stata, College Station, TX). 

RESULTS — Table 1 shows the baseline 
characteristics of the subcohort across cat- 
egories of menopausal age. The mean (SD) 
age at entry in the subcohort was 59.2 (5.8) 
years. The mean age at menopause was 
48.6 (4.9) years, and 4.8% of the women 
had their menopause before 40 years of 
age. As expected, women who went 
through menopause at a younger age had 
given birth to fewer children, were more 
likely to be smokers, and more often re- 
ported having had a hysterectomy and/or 
oophorectomy. Earlier menopause was as- 
sociated with a younger age at baseline 
and a younger age at menarche. Ever 
HRT users and a low education level were 
also more common among these women. 



During a median follow-up of 10.7 
years (interquartile range 6.6-12.6), 3,691 
women had developed incident type 2 di- 
abetes. An earlier age at menopause was 
associated with a higher risk of diabetes 
(Table 2). After adjustment for known 
risk factors for diabetes and reproductive 
factors, HRs of type 2 diabetes were 1.32 
(95% CI 1.04-1.69), 1.09 (0.90-1.31), 
0.97 (0.86-1.10), and 0.85 (0.70-1.03) 
for women with menopause at ages <40, 
40-44, 45-49, and >55 years, respec- 
tively, relative to those with menopause at 
age 50-54 years. The HR per SD younger 
age at menopause was 1.08 (1.02-1.14). 
A shorter reproductive life span was also 
associated with a greater risk of type 2 dia- 
betes (HRquartfe , vs quartile 4 1.17 [0.98-1.39] , 

HRquanile 2 vs. quartile 4 1-00 [0.85-1.19], and 
HRquartile 3 vs. quartile 4 0.96 [0.82-1.14]). 

The HR per SD lower reproductive life 
span was 1.06 (1.01-1.12). 

Analysis with additional adjustment 
for waist circumference, hypertension, 
and hyperlipidemia yielded comparable 
results (Supplementary Table 1). When 
we restricted the analyses to women 
without a hysterectomy and/or oophorec- 
tomy and women not using HRT, effect 
estimates were also not materially differ- 
ent (Supplementary Table 1). 

Interaction analysis showed that the 
associations of menopausal age and re- 
productive life span with type 2 diabetes 
did not differ by BMI, waist circumfer- 
ence, or smoking status (P values for in- 
teraction were 0.16, 0.80, and 0.48 for 
menopausal age and 0.30, 0.73, and 
0.60 for reproductive life span, respec- 
tively). (See also Table 3.) 

Country-specific and pooled HRs of 
type 2 diabetes are shown in Fig. 1 . There 
was no evidence of heterogeneity in the 
associations between countries (I 2 = 
0.0%, P = 0.74, for menopausal age and 
I 2 = 0.0%, P = 0.46, for reproductive life 
span), indicating that country-specific 
HRs were sufficiently similar to justify 
pooling across countries. 

CONCLUSIONS— In this prospective 
case-cohort study, we found that an 
earlier age at menopause was associated 
with a greater risk of type 2 diabetes. The 
hazard of type 2 diabetes was 32% higher 
in women who entered their menopause 
before 40 years of age compared with 
women having their menopause at 50-54 
years. Similarly, a shorter reproductive 
life span was associated with a higher di- 
abetes risk. All associations were robust to 
adjustment for a wide range of potential 
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Table 1 — Baseline characteristics of the suhcohort by categories of menopausal age: the EPIC-InterAct study 









Age at menopause (years) 








Total subcohort 


<40 


40-44 


45-49 


50-54 


£55 


P c 


N 


4,408 


210 


501 


1,452 


1,879 


366 








56.5 (6.9) 


57.6(6.7) 


58.1 (6.0) 


60.1 (5.0) 


62.2 (3.8) 




BMI (kg/m 2 )* 


26.3 (4.6) 


26.6 (4.9) 


26.3 (4.8) 


26.2 (4.7) 


26.3 (4.4) 


26.6(4.5) 


0.42 




Smoking status, % (n)* 


















Former 


20.1 (880) 


18.3 (38) 


22.5 (112) 


21.5 (311) 


18.1 (339) 


22.0 (80) 




Current 


20.2 (887) 


30.3 (63) 


22.9 (114) 


23.5 (340) 


17.3 (324) 


12.7 (46) 




Physical activity, % (n)* 


Inactive 


28.6 (1,256) 


32.2 (67) 


30.9 (154) 


27.6 (399) 


28.8 (538) 


27.1 (98) 


0.64 


Moderately inactive 


36.0 (1,578) 


37.5 (78) 


37.7 (188) 


35.3 (511) 


35.6 (666) 


37.3 (135) 






18.3 (801) 


16.8(35) 


15.6 (78) 


18.9 (273) 


18.5 (345) 


19.3 (70) 




Active 


17.1 (752) 


13.5 (28) 


15.8 (79) 


18.3 (265) 


17.2 (321) 


16.3 (59) 




Alcohol consumption (g/day), % (n)* 


<10 


73.0 (3,161) 


77.2 (156) 


73.5 (360) 


72.4(1,033) 


73.0 (1,352) 


72.2 (260) 


0.10 




>25 


7.2 (313) 


6.4(13) 


5.9 (29) 


7.4 (105) 


6.8 (126) 


11.1 (40) 




Education, % (n)* 


None 


11.0 (478) 


11.7 (24) 


15.0 (73) 


10.5 (150) 


11.1 (205) 


7.2 (26) 


0.01 


















Technical/professional school 


23.5 (1,020) 


26.2 (54) 


18.2 (89) 


25.4 (363) 


22.8 (422) 


25.5 (92) 




Secondary school 


12.9 (561) 


15.1 (31) 


13.1 (64) 


11.3 (161) 


13.6(251) 


15.0 (54) 




Longer education 


13.1 (568) 


8.7 (18) 


12.5 (61) 


13.1 (187) 


13.5 (250) 


14.4 (52) 






23.8 (1,033) 


22.8 (47) 


21.1 (103) 


23.3 (333) 


23.9 (443) 


29.8 (107) 




Hyperlipidemia, % (n)* b 


21.2 (686) 


21.7(34) 


20.6 (80) 


21.2 (228) 


20.8 (287) 


23.5 (57) 


0.92 


Full-term pregnancies* 


2.2 (1.4) 


1.9 (1.2) 


2.1(1.4) 


2.2 (1.3) 


2.2 (1.4) 


2.2 (1.5) 


0.02 


Age at menarche (years)* 


13.4 (1.6) 


13.2 (1.8) 


13.1 (1.7) 


13.4 (1.6) 


13.5 (1.6) 


13.8 (1.7) 


<0.001 


Hysterectomy or oophorectomy, % (n)* 


22.3 (858) 


71.1 (133) 


43.9 (195) 


24.8 (618) 


11.3 (183) 


9.4 (29) 


<0.001 


Ever oral contraceptive use, % (n)* 


40.8 (1,792) 


39.7 (83) 


39.5 (197) 


42.9 (620) 


40.4 (758) 


36.7 (134) 


0.23 


Ever HRT use, % (n)* 


32.6 (1,292) 


43.9 (82) 




36.1 (478) 


27.9 (470) 


38.1 (122) 


<0 001 



Data are means (SD) unless otherwise indicated. a Excludes Umea, where waist circumference was not measured. b Excludes Malmo and Umea, where information on 
hyperlipidemia was not available. C P values derived from statistical tests of between-group differences in menopausal age (x 2 test for categorical variables and F test for 
continuous variables). 'Variables with missing values (all <5% except for hysterectomy or oophorectomy status [% missing = 12.7]). 



confounding factors, and effect estimates 
were of similar magnitude after excluding 
women with a hysterectomy and/or oo- 
phorectomy and women using HRT. No 
effect modification by BMI, waist circum- 
ference, or smoking was found. 

The strengths of our study include its 
prospective design, the use of verified in- 
cident diabetes cases, and adjustment in 
the analyses for a comprehensive set of 
potential confounders. Data collection on 
reproductive factors was fully standardized 
across cohorts, except for the number of 
full-term pregnancies, which was collected 
slightly differently for one center. Never- 
theless, our study also had some limita- 
tions. First of all, assessment of age at 
menarche and menopause was based on 
self-report, which is prone to recall bias, 
particularly in older women. However, 
previous studies have shown that the 



validity and reproducibility of self- reported 
age at menopause and menarche are fairly 
good (21-25). Because of the prospective 
design, any misclassification is most likely 
unrelated to the occurrence of diabetes, 
and such random misclassification if any- 
thing usually leads to an underestimation 
of risks. Second, the use of a clinical defi- 
nition may have led to potential misclassi- 
fication of individuals with undiagnosed 
diabetes. However, multiple sources were 
used for case ascertainment, and even if 
some underdiagnosis may have occurred, 
this would have tended to attenuate asso- 
ciations rather than to produce spurious 
ones. Third, we adjusted the analyses 
for a large number of confounders, but 
we cannot rule out the possibility of resid- 
ual confounding. Also, potential effect 
modifiers were not measured at the actual 
onset of menopause but somewhere in 



between menopause and follow-up. This 
may have limited the interaction analyses 
and might explain the lack of interactions 
observed. Finally, despite the prospective 
design, the observed associations may par- 
tially reflect reverse causation. Women 
with type 1 diabetes enter menopause sev- 
eral years earlier than nondiabetic women 
(26), but thus far no data exist on the effect 
of early-onset type 2 diabetes on meno- 
pausal timing. Glycosylation of functional 
proteins may cause ovarian dysfunction, 
but type 1 diabetes could also be linked 
to menopausal age through distinct mech- 
anisms involving autoimmunity. 

Several studies have examined the 
impact of menopause on diabetes risk. 
Most studies, however, investigated the 
relationship with menopause status rather 
than age at menopause onset and did not 
find associations (27-29). Previous results 
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Table 2 — Hazard ratios of type 2 diabetes according to menopausal age and reproductive life span: the EPIC-InterAct study 



HR (95% CI) 





N total/cases 


Crude 


Model 1 


Model 


2 


Model 3 


Menopausal age (years) 




40-44 


887/424 


1.19 (1.02-1.38) 


1.18 (1.02-1.37) 


1.08 (0.89- 


-1.30) 


1.09 (0.90-1.31) 


45-49 


2,570/1,186 


1.05 (0.95-1.17) 


1.05 (0.95-1.17) 


0.97 (0.86- 


-1.10) 


0.97 (0.86-1.10) 


50-54 


3,333/1,554 


Ref. (1.00) 


Ref. (1.00) 


Ref. (1.00) 




Ref. (1.00) 


Menopausal age (per SD decrease) 


7,864/3,691 


1.11 (1.06-1.16) 


1.11 (1.06-1.16) 


1.07(1.01- 


-1.13) 


1.08 (1.02-1.14) 


Reproductive life span (years) 


Quartile 1 (<33) 


1,982/959 


1.11 (0.97-1.28) 


1.11 (0.97-1.28) 


1.16 (0.97- 


-1.38) 


1.17 (0.98-1.39) 


Quartile 2 (33-36) 


2,364/1,077 


0.94 (0.82-1.08) 


0.94 (0.82-1.08) 


1.00 (0.85- 


-1.19) 


1.00 (0.85-1.19) 


Quartile 3 (37-39) 


1,979/897 


0.91 (0.79-1.04) 


0.91 (0.79-1.04) 


0.97 (0.82- 


-1.14) 


0.96 (0.82-1.14) 


Quartile 4 (>40) 


1,443/710 


Ref. (1.00) 


Ref. (1.00) 


Ref. (1.00) 




Ref. (1.00) 


Reproductive life span (per SD decrease) 


7,768/3,643 


1.07 (1.02-1.12) 


1.07 (1.02-1.12) 


1.06 (1.00- 


-1.12) 


1.06 (1.01-1.12) 



Prentice-weighted Cox proportional hazards models stratified by center. Model 1 : adjusted for age at entry. Model 2: model 1 plus diabetes risk factors (BMI, smoking, 
alcohol consumption, physical activity, and education). Model 3: model 2 plus reproductive factors (no. of full-term pregnancies, ever oral contraceptive use, and ever 
HRT use). 



regarding menopausal age are mixed (12- 
14). In a large study among women enter- 
ing menopause clinics, no association 
between menopausal age and type 2 dia- 
betes was found (13). In another cross- 
sectional study, diabetes was more prevalent 
among women with premature meno- 
pause, but this association was not statis- 
tically significant after multivariable 
adjustment (14). On the other hand, 
Malacara et al. (12) found a positive cor- 
relation between age at menopause and 
age at diabetes diagnosis. This is the first 
prospective study looking at menopausal 
age and type 2 diabetes risk. Associations 
with menopausal age and reproductive life 



span were of similar strength. Previous 
studies have linked an early age at menar- 
che to a greater risk of type 2 diabetes 
(30,31), which may suggest that earlier 
timing of menopause per se, rather 
than a shorter interval between menarche 
and menopause, is the main determinant 
of diabetes risk. However, given the close 
correlation between menopausal age and 
reproductive life span (r = 0.95), it is dif- 
ficult to truly distinguish between the rel- 
ative contributions of these two factors. 

Associations between menopausal 
age and risk of chronic diseases are 
usually attributed to a short or prolonged 
exposure to endogenous estrogens. In 



contrast to breast cancer, where the avail- 
able evidence on reproductive factors, 
endogenous estrogen levels, and exoge- 
nous estrogen supplementation all points 
to an important role of estrogen exposure 
(32), results are more equivocal for diabe- 
tes. Experimental data support a protec- 
tive role for estrogens in glucose 
metabolism. Mechanistic studies have 
demonstrated beneficial long-term effects 
of exogenous estrogens on insulin secre- 
tion and glucose homeostasis (33), and in 
postmenopausal women estrogen re- 
placement has been associated with a 
lower incidence of type 2 diabetes 
(34,35). Observational data, however, 



Table 3 — Multivariable adjusted hazard ratios of type 2 diabetes per SD decrease of menopausal age and reproductive life span, stratified by 
BMI, waist circumference, and smoking status: the EPIC-InterAct study 







N total/cases 


Menopausal 
age (per SD decrease) 


N total/cases 


Reproductive 
life span (per SD decrease) 


BMI 


<25 kg/m 2 


2,485/576 


1.13 (1.03-1.25) 


2,444/566 


1.12 (1.02-1.23) 




>30 kg/m 2 


2,377/1,669 


1.08 (0.98-1.17) 


2,352/1,651 


1.07 (0.98-1.16) 




P value interaction 3 




0.16 




0.30 


Waist circumference 


<88 cm 


4,096/1,221 


1.08 (1.00-1.16) 


4,043/1,202 


1.06 (0.98-1.14) 




>88 cm 


3,527/2,347 


1.09 (1.01-1.17) 


3,489/2,321 


1.07 (0.99-1.15) 




P value interaction 3 




0.80 




0.73 




Never smokers 


4,624/2,138 


1.11 (1.03-1.19) 


4,577/2,118 


1.08 (1.01-1.16) 




Former smokers 


1,638/800 


0.98 (0.88-1.12) 


1,614/788 


1.01 (0.90-1.15) 




Current smokers 












P value interaction 2 




0.48 




0.60 



Data are HR (95% CI). Model 3: Prentice-weighted Cox proportional hazards models stratified by center and adjusted for age at entry, diabetes risk factors (BMI, 
smoking status, alcohol consumption, physical activity, education) and reproductive factors (number of full-term pregnancies, ever OC use and ever HRT use). a Effect 
modification was tested by adding interaction terms between these variables (BMI [continuous], waist circumference [continuous], smoking status [never, former, 
current]) and menopausal age (continuous) or reproductive life span (continuous) to the model. 
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A 

Country 



HR (95% CI) 



Brand and Associates 



Weight 



France 
Italy 
Spain 
UK 

Netherlands 
Germany 
Sweden 
Denmark 

Overall (l-squared = 0.0%, p = 0.736) 



NOTE: Weights are from random effects analysis 



4> 



1.23 (0.96, 1.59) 
1.16 (0.97, 1.38) 
1.11 (0.98, 1.26) 
0.96 (0.75, 1.23) 

1.11 (0.97, 1.28) 
0.91 (0.70, 1.18) 

1.09 (0.96, 1.23) 

1.12 (0.99, 1.26) 

1.10 (1.04, 1.16) 



— r~ 

1.2 



4.66 

9.95 

19.78 

4.90 

15.41 

4.52 

19.75 

21.04 

100.00 



B 

Country 



1.4 1.6 



HR (95% CI) 



% 

Weight 



France 

Italy 

Spain 

UK 

Netherlands 

Germany — 

Sweden 

Denmark 

Overall (l-squared = 0.0%, p = 0.458) 

NOTE: Weights are from random effects analysis 



~~T 

.6 



4> 



1.22 (0.94, 1.58) 

1.08 (0.91, 1.28) 
1.05 (0.92, 1.19) 
0.85 (0.65, 1.10) 
1.15(1.01, 1.32) 
0.97 (0.75, 1.25) 

1.09 (0.96, 1.23) 
1.14 (1.00, 1.29) 
1.09 (1.03, 1.15) 



4.46 

10.70 

19.38 

4.57 

16.67 

4.69 

20.15 

19.39 

100.00 



1.2 



1.4 



1.6 



Figure 1 — Country-specific HRs of type 2 diabetes per SD decrease in menopausal age and reproductive life span: the EPIC-InterAct study. HRs and 
95% CIs are derived from Prentice-weighted Cox proportional hazards models adjusted for center, age at entry, diabetes risk factors (BMI, smoking, 
alcohol consumption, physical activity, and education), and reproductive factors (number of full-term pregnancies, ever oral contraceptive use, 
and ever HRT use). A: HR of type 2 diabetes per SD decrease in menopausal age. B: HR of type 2 diabetes per SD decrease in reproductive life span. 
(A high-quality color representation of this figure is available in the online issue.) 
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argue against a simple protective effect of 
estrogens. In postmenopausal women, 
high endogenous estrogen levels have 
been associated with an increase rather 
than a decrease in diabetes risk (36,37). 
Moreover, an early start of estrogen expo- 
sure (i.e. , an early age at menarche) appears 
to have an adverse effect on diabetes risk 
(30,31). Thus, apart from the dramatic re- 
duction in endogenous estrogen, other 
menopause-related factors may play a role 
in explaining the observed increase in di- 
abetes risk with early menopause. The 
menopausal transition is also characterized 
by a shift toward androgen predominance 
including a decrease in sex hormone- 
binding globulin levels (38,39). Increased 
androgenicity, in turn, has been linked to a 
higher risk of type 2 diabetes in postmen- 
opausal women (36,37). Alternatively, 
early menopause may represent a marker 
of premature ageing. A recent meta-analysis 
of genome-wide association studies found 
17 loci for age at menopause that have pre- 
viously been related to DNA damage repair 
and replication important processes in de- 
termining longevity (40). More research is 
needed to unravel the mechanisms through 
which the timing of menopause influences 
metabolic disease risk. 

The findings of the current study are 
of interest in light of the high prevalence 
of type 2 diabetes among postmenopausal 
women. The direct effect of early meno- 
pause may be relevant for the prevention 
of diabetes in women. For example, early 
menopause might be a factor to take into 
account when considering diabetes 
screening or direct preventive action. 
However, beforehand, more studies are 
needed to evaluate whether timing of 
menopause has any added value in di- 
abetes prediction and prevention. 

In conclusion, this is the first pro- 
spective study demonstrating that women 
with an early age at menopause are at 
higher risk of developing type 2 diabetes. 
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